Introduction
Cryptococcus neoformans is one of the most common fungal pathogens worldwide, capable of causing fatal central nervous system (CNS) infection in both immunocompromised and immunocompetent people [1, 2] . It is generally acknowledged that environmental cryptococcal basidiospores or desiccated yeast cells are first inhaled into the respiratory tract in early childhood, resulting in asymptomatic pneumonia or latent infection for months or even decades [1, 3, 4] . When host immunity is suppressed or compromised, the pathogen often reactivates and proliferates in the lung, subsequently disseminating through the bloodstream into different organs, especially CNS [1, 5] . The remarkable neurotropism of C. neoformans remains an enigma.
To penetrate into the brain, C. neoformans must transverse the blood-brain barrier (BBB), which is an essential step for the development of meningoencephalitis. The BBB consists of several components, including endothelial cells, astrocytes, pericytes, and basal lamina [6] . Among them, endothelial cells are the cardinal elements for maintaining brain homeostasis via the formation of brain capillaries and tight junctions. Presumably, cryptococcal transversal across BBB relied on the following three pathways [1, 5, 7] . Firstly, the phagocytosis-mediated pathway utilizes monocytes as a carrier to penetrate the brain [8, 9] . Secondly, paracellular migration of C. neoformans relies on mechanical or biochemical disruption of tight junctions [10] [11] [12] [13] [14] . Thirdly, the transcellular pathway involves receptor-mediated adhesion and invasion of C. neoformans into endothelial cells, which is probably the main mechanism responsible for BBB transversal [15] [16] [17] . These models have dramatically strengthened our understanding of the pathogenesis of cryptococcal meningitis. However, the molecular events and detailed mechanisms underlying C. neoformans entry and internalization into endothelial cells remain to be fully resolved.
Annexin A2 (AnxA2) is an important protein of annexin family that can bind anionic phospholipids in a Ca 2+ -dependent manner [18, 19] . AnxA2 is ubiquitous in various cells such as endothelial cells, monocytes, and cancer cells, and it is involved in several biochemical processes such as membrane trafficking, endocytosis, and vesicle transportation [20] [21] [22] . AnxA2 has been implicated in cancer progression [23, 24] and host cell infection by a variety of bacteria and viruses [25] [26] [27] [28] [29] . Recently, using a proteomic profile assay, AnxA2 in human brain endothelial cells has been found to be significantly upregulated after exposure to cryptococcal cells [30] . Furthermore, our previous work has revealed that S100A10, the partner of AnxA2, is involved in the transmigration of C. neoformans across vascular endothelia [31, 32] . We found that depletion of S100A10 in mouse brain microvascular endothelial cells (MBMECs) significantly reduced the internalization rate and budding rate of C. neoformans. Hence, we speculated that annexin A2, as an important intracellular signaling protein, might also play an indispensable role in BBB transversal of C. neoformans.
Here, we assessed the role and mechanism of host AnxA2 in the adhesion and transcytosis of C. neoformans across the BBB. AnxA2 suppression by shRNA or PP2 treatment was sufficient to induce cofilin dephosphorylation in brain endothelial cells and thereby enhance fungal adhesion activity. Furthermore, AnxA2 was dependent on the synergy of its partner S100A10 to mediate fungal transcytosis across endothelial cells. This is the first report to demonstrate complex roles of AnxA2 in BBB invasion by a pathogenic microorganism.
Materials and methods
Cells, strains, antibodies, and reagents MBMEC cell line bEND.3 was purchased from the ATCC (Manassas, VA) and grown in Dulbecco's modified Eagle's medium (DMEM) at 37°C with 5% CO 2 . C. neoformans var. grubii strain H99 from our laboratory was maintained on YPD agar (1% yeast extract, 2% peptone, 2% dextrose, and 2% agar).
The antibodies and inhibitors used in this study were as follows. Rabbit polyclonal anti-AnxA2 antibody (Ab) and rabbit monoclonal anti-phosphorylated tyrosine 23 
Plasmid construction and cell transfection
Anti-AnxA2 short hairpin RNA was synthesized (Invitrogen, Inc., Waltham, MA, USA) and then cloned into the lentivirus expression vector pLKO.1 (Addgene, Inc., Cambridge, MA, USA). A scrambled vector was utilized in parallel. Quantitative real-time PCR and Western blotting were performed to assess the efficacy of AnxA2 knockdown. We constructed the phospho-defective mutant (Y23A-AnxA2) in bEND.3 cells as previously described [33] . The ANXA2 cDNA fragment was amplified and then cloned into the vector pcdh-CMV-MCS-3FLAG-EF1-COPGFP-T2A-PURO (Fitgene Inc., Mentone East, VIC, USA). Then, target mutations were generated to create the new vectors pGFP-AnxA2 Y23A (Tyr changed to Ala) using KOD Plus DNA polymerase (TOYOBO, Kita-ku, Osaka, Japan). Stable transfectants were analyzed for AnxA2 and green fluorescent protein (GFP) expression by Western blotting and immunofluorescence.
Quantitative real-time PCR, Western blot analysis, and immunoprecipitation
After exposure to C. neoformans for different time periods, total RNA was extracted from MBMECs using TRIzol reagent (Sigma, Munich, Germany) and then converted to cDNA using the PrimeScript RT-PCR Kit according to the manufacturer's protocol (Takara, Kusatsu, Shiga, Japan). RT-PCR analysis was performed to determine the transcription level. All primers are listed in Table S1 . Cells were lysed using lysis buffer as previously reported [34] . The ProteinExt Mammalian Membrane Protein Extraction Kit (TransGen, Beijing, China) was used to extract either membrane or cytosolic proteins according to the manufacturer's protocol. Protein concentrations were measured using the Pierce BCA Protein Assay Kit (Thermo Fisher Scientific, Inc., Waltham, MA, USA). Densitometric analysis of the protein bands of interest was performed using ImageJ software (National Institute of Health, Bethesda, MD, USA).
For the immunoprecipitation (IP), infected endothelial cells were washed, lysed with IP lysis buffer [34] , and then centrifuged at 3000 g for 10 min at 4°C. 50 lL supernatant was used as an input control; the remainder was incubated with Protein A/G Plus-agarose beads and rabbit polyclonal AnxA2 antibody at 4°C overnight. The beads were washed and then processed for Western blotting. To analyze the interaction between AnxA2 and S100A10, the cells were treated with PP2 (10 lM), BAPTA-AM (5 lM), or DMSO (control) for 1 h before infection with cryptococcal cells, followed by two rinses with warm PBS.
In vitro association and transcytosis assays with MBMECs
The in vitro C. neoformans association and transcytosis assay was performed as previously described [15, 17, 35] 
Statistical analysis
The data are presented as the mean AE SD and were analyzed using the statistical software SPSS 18.0 (IBM, Armonk, NY, USA) Analysis of variance (ANOVA) and Student's t-test were performed to evaluate the statistical significance between the treatment and control groups. A P value <0.05 was considered statistically significant.
Results
Cryptococcus neoformans exposure upregulated the expression of AnxA2 in mouse brain microvascular endothelial cells
Previous works have suggested that the signaling protein S100A10 is required for C. neoformans transmigration across the host BBB [30, 31] . Here, we first examined the expression of its partner protein AnxA2 in MBMECs after exposure to C. neoformans var. grubii (strain H99). As shown in Figure 1A , quantitative real-time PCR revealed that ANXA2 was gradually upregulated at the transcriptional level with longer cryptococcal exposure, whereas a stable low level was maintained in the mock group (exposure to PBS buffer). By 24 h postexposure, the expression of ANXA2 in the H99 group was enhanced approximately 4-fold compared with the mock group (P < 0.01). Consistently, the protein blots revealed a similar upregulation of AnxA2 in MBMECs during cryptococcal invasion ( Figure 1B ). These data suggested that AnxA2 might be involved in the transversal of C. neoformans across MBMECs.
Blockade with anti-AnxA2 antibody led to a reduced transcytosis ability of C. neoformans across MBMECs
We next tested the effects of extracellular anti-AnxA2 Ab on cryptococcal transversal of the host BBB. Using mock IgG as a control, we conducted transmigration assays with C. neoformans in the presence of anti-AnxA2 Ab (15 lg/mL) using an in vitro BBB model. The BBB system was established as previously described [15, 17] , and its integrity was confirmed by TEER measurement ( Figure S1 ). After treatment with the anti-AnxA2 Ab, as shown in Figure 1C , the number of C. neoformans cells that transmigrated across the MBMEC monolayers was significantly reduced compared with the transmigration in the control group. Transmigration of C. neoformans was decreased by 35% compared with the control, further indicating that AnxA2 might promote cryptococcal traversal of the BBB. Because the adhesion of fungal cells to MBMEC monolayers is the first step in BBB invasion, association assays were performed during anti-AnxA2 Ab treatment. Interestingly, the results revealed no significant difference in association efficiency after anti-AnxA2 Ab treatment compared with the controls ( Figure 1D ). Our protein blot analysis ( Figure S2 ) further excluded the effect of anti-AnxA2 Ab on AnxA2 expression during cryptococcal infection. Therefore, anti-AnxA2 Ab might impede fungal transmigration but did not interfere with the association of C. neoformans with MBMECs, and its inhibitory effect was not associated with AnxA2 expression.
AnxA2 knockdown differentially regulated fungal transcytosis and association with MBMECs
To further investigate the role of AnxA2 during C. neoformans infection of MBMECs, we generated stable AnxA2 knockdown (KD) cell lines using lentiviral small hairpin RNA (LV-shRNA). Quantitative real-time PCR displayed that these shRNAs were able to reduce the transcriptional levels of AnxA2 significantly in MBMECs as shown in Figure 2A (P < 0.001). The protein blots displayed highly consistent results, in which full-length AnxA2 (36 KDa) was detected in untreated or shCtrl cells, but it was only faintly detected in cells transfected with LV-shRNA vectors, further suggesting a defect in AnxA2 expression in MBMECs ( Figure 2B ). We next examined the effect of AnxA2 depletion on the association of C. neoformans with MBMECs. The untreated MBMECs and the cells transfected with empty vector alone (shCtrl) were assessed in parallel as controls. TEER assay suggested that AnxA2 depletion did not disrupt the integrity of BBB system (Figure S1A) . However, downregulation of AnxA2 in MBMECs resulted in an approximately 3-fold increase in the association activity of C. neoformans after 2 or 6 h, whereas no increase was observed in the control groups (P < 0.001) at the same time points ( Figure 2C ). Therefore, AnxA2 might inversely regulate the association of C. neoformans with MBMECs. We also assessed the effects of AnxA2 downregulation on cryptococcal transmigration. As shown in Figure 2D , time-dependent transcytosis of C. neoformans across MBMECs was observed in both the AnxA2 KD and control groups. Intriguingly, these two groups displayed no significant differences in transmigration at different time points, in contrast to the results of the association assay. Based on these data, it was tempting to speculate that AnxA2 might play complicated roles in various steps of cryptococcal invasion.
AnxA2 might be dependent on its partner S100A10 to regulate cryptococcal transcytosis across MBMECs Several biological functions of AnxA2 are achieved during the physical state of the heterotetrameric complex AIIt, and the partner protein S100A10 had been demonstrated to be essential for cryptococcal transversal of the BBB [30, 31] . Thus, we evaluated the effect of fungal exposure on the formation of AIIt via immunoprecipitation and immunoblot analysis. As shown in Figure 3A , the expression of S100A10 markedly increased in response to fungal exposure, indicating an enhancement of AIIt expression. Furthermore, AIIt complex formation was significantly blocked by the calcium chelator BAPTA-AM but appeared to be unaffected by treatment with the Src kinase-specific inhibitor PP2, which could inhibit Src-dependent AnxA2 phosphorylation at Tyr23 ( Figure 3A ) [27] . Because AnxA2 has been reported to protect the S100A10 against rapid ubiquitin-mediated degradation [36] , we next examined the effect of AnxA2 deficiency on the expression of S100A10. S100A10 was detected by immunoblot analysis in total proteins and membrane proteins extracted from MBMECs. As shown in Figure 3B ,C, S100A10 protein was readily observed in WT MBMECs but not in AnxA2 KD endothelial cells, regardless of C. neoformans infection. We also examined the effects of S100A10 knockdown on the association and transcytosis efficiency of C. neoformans. We stably suppressed S100A10 protein in the MBMEC cell line by RNA interference as previously reported (data not shown), and the integrity of BBB system was not affected by S100A10 depletion (Figure S1B) [31] . Our results revealed that S100A10 depletion did not affect cryptococcal association but inhibited cryptococcal transmigration across MBMECs in the late phase ( Figure 3D,E) . S100A10 depletion in MBMEC resulted in an approximately 2-to 3-fold reduction in the transcytosis activity of C. neoformans at 12 or 24 h (P < 0.05). Therefore, we speculated that AnxA2 might be dependent on its binding to S100A10 to regulate the transmigration of C. neoformans across the BBB. 
Src-dependent AnxA2 phosphorylation at Tyr23 inhibited fungal transversal in MBMECs
Tyr23 phosphorylation in AnxA2 is one of the pivotal modifications involved in the cellular distribution and association with a variety of ligands [19, 37, 38] . To ascertain its role in cryptococcal traversal of the BBB, the phosphorylation status of AnxA2 Tyr23 was assessed in MBMECs after fungal exposure. Immunoblotting analysis revealed that AnxA2 Tyr23 was consistently phosphorylated at higher levels in mock MBMECs ( Figure 4A ). However, AnxA2 phosphorylation was fully blocked during the early stage of fungal infection (from 5 to 30 min pi) and then returned to normal level in endothelial cells at 60 min pi.
We questioned whether inhibiting AnxA2 phosphorylation at Tyr23 affects fungal transversal across endothelial cells. MBMECs were transfected with WT-AnxA2 and Y23A-AnxA2, in which the Tyr residue was replaced with an Ala, thereby creating a phosphodefective mutant. Stable transfectants (AnxA2  WT and AnxA2  Y23A ) were confirmed via Western blotting and immunofluorescence (data not shown). As shown in Figure 4B , the group transfected with AnxA2 WT displayed an approximately one-fourth decrease in adhesion activity of C. neoformans compared with the control group (bEND.3, P < 0.05), whereas the phospho-defective mutation in endothelial cells resulted in an approximately 3-fold increase in fungal adhesion efficiency (P < 0.05). These transfectants displayed similar alterations in fungal transcytosis activities ( Figure 4C ). The results indicated that C. neoformans might induce Tyr23 dephosphorylation to promote their transversal of endothelial cells. Because AnxA2 is a prominent substrate for Src kinase, which can activate the phosphorylation of AnxA2 at Tyr-23, we also tested its roles in fungal invasion of the CNS. PP2, a potent and selective inhibitor of Src kinases that could lead to AnxA2 dephosphorylation at Tyr-23 [27] , was incubated with MBMECs prior to fungal infection. The association activity of PP2-treated cells was significantly enhanced by 40% compared with mock cells (P < 0.05; Figure 4D ). The in vitro transcytosis assay ( Figure 4E) showed that PP2 treatment also strengthened the transcytosis ability of MBMECs at 24 h pi, which was approximately more than double that in the mock group (P < 0.01). This result was very 
The effect of AnxA2 on the cryptococcal association with MBMECs relied on dephosphorylation of downstream cofilin
AnxA2 is involved in many different cellular processes including cytoskeletal reorganization, which is a critical event in brain endothelial cells during cryptococcal invasion [10, 30, 39, 40] . Cofilin, as an actin-binding protein, is closely associated with cryptococcal transversal across host brain microvascular endothelial cells [10] . We questioned whether AnxA2 requires cofilin to regulate cryptococcal invasion of MBMECs. The phosphorylation status of cofilin was assessed at different time points after cryptococcal exposure. As shown in Figure 5A , cofilin was phosphorylated at 5 min pi but began to undergo dephosphorylation at 15 min pi, while total cofilin was maintained at a stable level. These results implied that fungal exposure initiated the dephosphorylation of both AnxA2 and cofilin in endothelial cells ( Figures 4A and 5A) ; however, the former event occurred earlier but was more transient than the latter one.
To further ascertain the relationship between cofilin and AnxA2, we next examined the phosphorylation status of cofilin in both AnxA2 KD and WT MBMECs. Compared with the control group, AnxA2 depletion led to significant dephosphorylation of cofilin in host endothelial cells with or without cryptococcal infection ( Figure 5B ), indicating that cofilin functions downstream of AnxA2. As the role of AnxA2 in fungal transversal was closely associated with its phosphorylation status at Tyr23, we also evaluated the functional status of cofilin in MBMECs after treatment with PP2 or DMSO. The results in PP2-treated cells were similar to those in AnxA2 KD MBMECs, displaying a significant inhibition of cofilin phosphorylation ( Figure 5C ). These data suggested that cofilin activity was regulated not only by the presence of AnxA2 but also by its phosphorylation status at Tyr23.
Finally, we assessed the effect of cofilin phosphorylation status on fungal invasion of the host BBB. Y27632, a ROCK-specific inhibitor, was utilized to induce the dephosphorylation of cofilin, as previously described ( Figure 5C ) [10] . As shown in Figure 5D , E, Y27632 treatment significantly enhanced the association of cryptococcus with MBMECs by 74% (P < 0.05), and it had a similar effect on fungal transcytosis of endothelial cells (P < 0.01). The results obtained in Y27632-treated cells were highly consistent with those in cells that were treated with PP2 ( Figure 4D,E) . Taken together, these data suggested that AnxA2-mediated cofilin phosphorylation inhibited the association of cryptococcus with MBMECs.
Discussion
Elucidating the molecular mechanism responsible for fungal traversal across the BBB is crucial to understand the pathogenesis of cryptococcal meningitis. Previous studies have implied that S100A10 is essential for fungal transversal across host endothelial cells [30] [31] [32] , but the detailed mechanisms have remained unclear. Because most of the biochemical functions of S100A10 are dependent on its heterotetrameric complex AIIt (AnxA2-S100A10) [18] , we focused herein on the roles and mechanism of its partner protein AnxA2 during host CNS invasion by C. neoformans. Our study first demonstrated that endothelial cell AnxA2 was essential for cryptococcal association of host BBB. Suppression of AnxA2 by shRNA substantially enhanced C. neoformans association activity toward MBMECs (Figure 2 ), suggesting that AnxA2 inhibited fungal adhesion to endothelial cells. In addition, fungal infection significantly increased the expression of AnxA2 in MBMECs beginning at 9 h pi ( Figure 1A,B) , consistent with previous findings [30] . Therefore, host endothelial cells might initiate the upregulation of AnxA2 to resist fungal invasion.
We also found that fungal adhesion and transcytosis activity were closely related to the phosphorylation status of AnxA2 at Tyr23 in BMECs. After cryptococcal exposure, AnxA2 displayed a transient dephosphorylation at Tyr23 and then returned to normal phosphorylation levels at 1 h pi ( Figure 4A ). Endothelial cells transfected with a WT AnxA2 displayed a reduced adhesion and transcytosis efficacy of C. neoformans, whereas endothelial cells expressing the Y23A mutant of AnxA2 showed a significant enhancement ( Figure 4B ). These results indicated that tyrosine dephosphorylation of AnxA2 was essential for fungal attachment and transcytosis to brain endothelia. The addition of exogenous PP2 induced an effect on cryptococcal transversal activity that was similar to the outcome of transfection with the Y23A mutant (Figure 4C) , further confirming that Src-dependent AnxA2 phosphorylation at Tyr23 was essential for host resistance to fungal invasion of brain endothelial cells.
Like other pathogens, C. neoformans can induce cellular cytoskeletal remodeling of host brain endothelial cells, which is regulated by the phosphorylation status of cofilin [10, 15, 41, 42] . Cofilin, an actin-serving protein, is a terminal effector of multiple signaling cascades that is involved in cytokinesis, endocytosis, and other cellular processes [43] . In our study, suppression of AnxA2 or PP2 treatment caused significant dephosphorylation of cofilin in endothelial cells ( Figure 5B,C) , supporting a role for AnxA2 in the regulation of cofilin phosphorylation. Furthermore, cofilin dephosphorylation caused by the ROCK/cofilin pathway inhibitor agent Y27632 could significantly enhance fungal adhesion and transcytosis activity across endothelial cells, which is consistent with a previous report [10] . These results implied that the tyrosine phosphorylation switch of AnxA2 might trigger cofilin-dependent and actin-mediated changes in the cellular morphology of endothelia associated with fungal adhesion.
Although AnxA2 depletion in host endothelial cells led to an enhanced association activity of C. neoformans, intriguingly, the fungal transcytosis efficiency did not differ from that in the control group ( Figure 2D ). Therefore, AnxA2 might play different roles in the adhesion and transcytosis steps of fungal invasion. Three separate observations strongly suggest that AnxA2 might rely on the synergy of its partner S100A10 to promote fungal transcytosis across brain endothelial cells. First, cryptococcal exposure significantly enhanced the formation of the AnxA2-S100A10 complex in host endothelial cells ( Figure 3A) . Second, suppression of AnxA2 resulted in significant depletion of S100A10 in both membrane and cytosolic proteins of MBMECs with or without cryptococcal exposure ( Figure 3B,C) , implying that AnxA2 was required for maintenance of the homeostasis of S100A10 in brain endothelial cells. Our findings are highly consistent with those of He et al. [36] demonstrating that AnxA2 can prevent polyubiquitinmediated degradation of intracellular S100A10 to stabilize its intracellular levels in vascular endothelial cells. Third, we also observed that S100A10 suppression in endothelial cells by RNA interference led to a drastic reduction in fungal transcytosis activity but no alterations in their association efficiency. We hypothesized that AnxA2 knockdown weakened host defense but also inhibited cryptococcal transmigration due to S100A10 suppression, and thus, no functional difference was detected in transcytosis of C. neoformans across MBMECs upon altering the amount of AnxA2 (Figure 2) . These results strongly supported the notion that S100A10 was required for AnxA2 to mediate the transcytosis of C. neoformans across the brain endothelium. Previous studies have reported that S100A10 in cancer cells and tumor-associated phagocytes can bind plasminogen and plasminogen activator to stimulate the generation of plasmin, which is involved in the invasion and metastasis of cancer cells [18, 44, 45] . Recently, host plasmin was verified to contribute to cryptococcal invasion of the BBB by the penetration of endothelial cells and the underlying matrix [14, 46] . Therefore, AnxA2 might be an indirect contributor to the generation of plasmin by stabilizing S100A10 in endothelial cells and then regulating fungal transcytosis of the BBB, although this hypothesis requires further confirmation.
We were surprised to find that the antibody against AnxA2 inhibited the transcytosis of C. neoformans but seemingly did not affect adhesion activity across endothelial cells ( Figure 1C,D) . The anti-AnxA2 antibody is directed against amino acids 1 to 50 of the N-terminal domain of AnxA2, which contains the S100A10 binding site (the first 12 residues) [44, 47] . Therefore, it appears that the antibody-AnxA2 interaction impedes the formation or function of the AIIt complex, but it does not interfere with Tyr23 phosphorylation and expression of AnxA2. Because PP2 appeared to have no effect on the formation of the AnxA2-S100A10 complex ( Figure 3A ), AnxA2 Tyr23 phosphorylation might not directly participate in the process of fungal transcytosis across endothelial cells. It is plausible that AnxA2 might rely on these two distinct mechanisms to regulate the fungal adhesion and transcytosis steps, respectively ( Figure 6 ). On the one hand, Src-dependent AnxA2 phosphorylation induces the phosphorylation of downstream cofilin in brain endothelial cells, which is essential for host resistance to cryptococcal adhesion. On the other hand, AnxA2 may depend on binding to its partner S100A10 to mediate fungal transcytosis across endothelial cells.
In summary, our studies demonstrate that host AnxA2 plays critical roles in fungal traversal of the BBB. AnxA2 is upregulated to enhance host defense against C. neoformans leading to decreased association and transmigration (Figures 1 and 4) . C. neoformans seems to override AnxA2's protective function by inducing AnxA2 and cofilin dephosphorylation and promoting AIIt formation. However, our work needs further confirmation by in vivo experiments. Furthermore, it is unclear whether other CNS pathogens utilize a similar or different mechanism to cross the BBB, such as Neisseria meningitidis, Mycobacterium tuberculosis, and Herpes simplex. Further studies investigating the upstream and downstream molecular programs that control and mediate the function of AnxA2 may facilitate the development of novel strategies for therapeutic intervention in infective meningoencephalitis. Figure 6 Current model of the role of AnxA2 in Cryptococcus neoformans traversal across the blood-brain barrier. On the one hand, Src-dependent AnxA2 phosphorylation induces the phosphorylation of downstream cofilin in brain microvascular endothelial cells, which could inhibit C. neoformans adhesion to BBB. PP2 (Src kinase inhibitor) and Y27632 (indirect inducer of cofilin dephosphorylation) pretreatment could enhance the efficiency of cryptococcal association with MBMEC. On the other hand, AnxA2 might rely on binding to its partner S100A10 to promote cryptococcal transcytosis across MBMEC. AnxA2-Ab, the antibody against AnxA2, might impede the formation or function of the AnxA2-S100A10 complex and thus interfere with cryptococcal transcytosis across brain endothelial cells. 
